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Description
TECHNICAL FIELD

[0001] This invention relates to razors and more par-
ticularly to razor blades with sharp and durable cutting
edges.

BACKGROUND

[0002] A razor blade is typically formed of a suitable
substrate material such as stainless steel, and a cutting
edge is formed with a wedge-shaped configuration with
an ultimate tip having a radius. Hard coatings such as
diamond, amorphous diamond, diamond-like car-
bon-(DLC) material, nitrides, carbides, oxides or ceram-
ics are often used to improve strength, corrosion resist-
ance and shaving ability, maintaining needed strength
while permitting thinner edges with lower cutting forces
to be used. Polytetrafluoroethylene (PTFE) outer layer
can be used to provide friction reduction. Interlayers of
niobium or chromium containing materials can aid in im-
proving the binding between the substrate, typically stain-
less steel, and hard carbon coatings, such as DLC.
[0003] Arazorblade accordingtothe preamble of claim
1 is also known from WO 03/006218 A1.

[0004] Itis desirable to improve the shape of the razor
blade substrate to reduce the cutter force needed to cut
hair. Such a reduction in cutter force will lead to a more
comfortable shave.

SUMMARY

[0005] The present invention provides a razor blade
comprising a substrate. The substrate has a cutting edge
being defined by a sharpened tip. The substrate has a
thickness of between about 1.3 and 1.6 micrometers
measured at a distance of four micrometers from the
blade tip, a thickness of between about 2.2 and 2.7 mi-
crometers measured at a distance of eight micrometers
from the blade tip, a thickness of between about 3.8 and
4.9 micrometers measured at a distance of sixteen mi-
crometers from the blade tip, a ratio of thickness meas-
ured at four micrometers from the tip to the thickness
measured at eight micrometers from the tip of at least
0.55 and a ratio of thickness measured at four microm-
eters from the tip to the thickness measured at sixteen
micrometers from the tip of at least 0.30. The substrate
is a martensitic stainless steel having a carbide density
of at least 200 carbides or more per 100 square microm-
eters as determined by optical microscopic cross-sec-
tion.

[0006] Preferably, the substrate has a tip radius of from
about 125 to 300 angstroms.

[0007] The razor blade may comprise an interlayer
joined to the substrate. The interlayer preferably com-
prises niobium.

[0008] The razor blade may comprise a coating layer
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joined to the interlayer. The coating layer preferably com-
prises a partially amorphous material containing carbon.
[0009] The razor blade may comprise an overcoat lay-
er joined to the coating layer. The overcoat layer prefer-
ably comprises chromium.

[0010] The razor blade may comprise an outer layer
joined to the overcoat layer. The outer layer preferably
comprises a polymer. The outer layer may comprise pol-
ytetrafluoroethylene.

DESCRIPTION OF DRAWINGS

[0011] While the specification concludes with claims
particularly pointing out and distinctly claiming the subject
matter that is regarded as the present invention, it is be-
lieved that the invention will be more fully understood
from the following description taken in conjunction with
the accompanying drawings.

FIG 1is adiagrammatic view illustrating a blade sub-
strate.
FIG. 2 is a diagrammatic view illustrating a razor
blade.

DETAILED DESCRIPTION

[0012] Referring now to Fig. 1, there is shown a razor
blade 10. The razor blade 10 includes stainless steel
body portion or substrate 11 with a wedge-shaped sharp-
ened edge having a tip 12. Tip 12 preferably has a radius
of from about 125 to 300 angstroms with facets 14 and
16 that diverge from tip 12. The substrate 11 has a thick-
ness 21 of between about 1.3 and 1.6 micrometers meas-
ured at a distance 20 of four micrometers from the blade
tip 12. The substrate 11 has a thickness 23 of between
about 2.2 and 2.7 micrometers measured at a distance
22 of eight micrometers from the blade tip 12. The sub-
strate 11 has a thickness 25 of between about 3.8 and
4.9 micrometers measured at a distance 24 of sixteen
micrometers from the blade tip 12.

[0013] The substrate 11 has a ratio of thickness 21
measured at four micrometers from the tip 12 to the thick-
ness 23 measured at eight micrometers from the tip 12
of atleast 0.55. The substrate 11 has a ratio of thickness
21 measured at four micrometers from the tip 12 to the
thickness 25 measured at sixteen micrometers from the
tip 12 of at least 0.30.

[0014] The thicknesses and ratios of thicknesses pro-
vide a framework for improved shaving. The thicknesses
and ratios of thickness provide a balance between edge
strength and low cutting force or sharpness. A substrate
having smaller ratios will have inadequate strength lead-
ing to ultimate edge failure. A substrate having greater
thicknesses will have a higher cutting force leading to an
increased tug and pull and increased discomfort for the
user during shaving.

[0015] The substrate 11 material which may facilitate
producing an appropriately sharpened edge is a marten-
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sitic stainless steel with smaller more finely distributed
carbides, but with similar overall carbon weight percent.
A fine carbide substrate provides for a harder and more
brittle after-hardening substrates, and enables the mak-
ing of a thinner, stronger edge. The substrate material is
a martensitic stainless steel with a finer average carbide
size with a carbide density of at least about 200 carbides
per 100 square micrometers, more preferably at least
about 300 carbides per square micrometer and most
preferably at least about 400 carbides or more per 100
square micrometers as determined by optical microscop-
ic cross-section.

[0016] ReferringnowtoFig.2,thereisshown afinished
first blade 10 including substrate 11, interlayer 34, hard
coating layer 36, overcoat layer 38, and outer layer 40.
The substrate 11 is typically made of stainless steel
though other materials can be employed. An example of
arazor blade having a substrate, interlayer, hard coating
layer, overcoat layer and outer layer is described in U.S.
Pat. No. 6,684,513.

[0017] Interlayer 34 is used to facilitate bonding of the
hard coating layer 36 to the substrate 11. Examples of
suitable interlayer material are niobium, titanium and
chromium containing material. A particular interlayer is
made of niobium greater than about 100 angstroms and
preferably less than about 500 angstroms thick. The in-
terlayer may have a thickness from about 150 angstroms
to about 350 angstroms. PCT 92/03330 describes use
of a niobium interlayer.

[0018] Hard coating layer 36 provides improved
strength, corrosion resistance and shaving ability and
can be made from fine-, micro-, or nano-crystalline car-
bon-containing materials (e.g., diamond, amorphous dia-
mond or DLC), nitrides (e.g., boron nitride, niobium ni-
tride, chromium nitride, zirconium nitride, or titanium ni-
tride), carbides (e.g., silicon carbide), oxides (e.g., alu-
mina, zirconia) or other ceramic materials (including na-
nolayers or nanocomposites). The carbon containing
materials can be doped with other elements, such as
tungsten, titanium, silver, or chromium by including these
additives, for example in the target during application by
sputtering. The materials can also incorporate hydrogen,
e.g., hydrogenated DLC. Preferably coating layer 36 is
made of diamond, amorphous diamond or DLC. A par-
ticular embodiment includes DLC less than about 3,000
angstroms, preferably from about 500 angstroms to
about 1,500 angstroms. DLC layers and methods of dep-
osition are described in U.S. Pat. No. 5,232,568. As de-
scribed in the "Handbook of Physical Vapor Deposition
(PVD) Processing, "DLC is an amorphous carbon mate-
rial that exhibits many of the desirable properties of dia-
mond but does not have the crystalline structure of dia-
mond."

[0019] Overcoat layer 38 is used to reduce the tip
rounding of the hard coated edge and to facilitate bonding
ofthe outer layer to the hard coating while still maintaining
the benefits of both. Overcoat layer 38 is preferably made
of chromium containing material, e.g., chromium or chro-
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mium alloys or chromium compounds that are compatible
with polytetrafluoroethylene, e.g., CrPt. A particular over-
coat layer is chromium about 100-200 angstroms thick.
Overcoat layer may have a thickness of from about 50
angstroms to about 500 angstroms, preferably from
about 100 angstroms to about 300 angstroms. Razor
blade 10 has a cutting edge that has less rounding with
repeated shaves than it would have without the overcoat
layer.

[0020] Outer layer 40 is used to provide reduced fric-
tion. The outer layer 40 may be a polymer composition
or a modified polymer composition. The polymer compo-
sition may be polyfluorocarbon. A suitable polyflourocar-
bon is polytetrafluoroethylene sometimes referred to as
a telomer. A particular polytetrafluoroethylene material
is Krytox LW 1200 available from DuPont. This material
is a nonflammable and stable dry lubricant that consists
of small particles that yield stable dispersions. It is fur-
nished as an aqueous dispersion of 20% solids by weight
and can be applied by dipping, spraying, or brushing, and
can thereafter be air dried or melt coated. The layer is
preferably less than 5,000 angstroms and could typically
be 1,500 angstroms to 4,000 angstroms, and can be as
thin as 100 angstroms, provided that a continuous coat-
ing is maintained. Provided that a continuous coating is
achieved, reduced telomer coating thickness can provide
improved first shave results. U.S. Pat. Nos. 5,263,256
and 5,985,459, which are hereby incorporated by refer-
ence, describe techniques which can be used to reduce
the thickness of an applied telomer layer.

[0021] Razor blade 10 is made generally according to
the processes described in the above referenced pat-
ents. A particular embodiment includes a niobium inter-
layer 34, DLC hard coating layer 36, chromium overcoat
layer 38, and Krytox LW1200 polytetrafluoroethylene
outer coat layer 40. Chromium overcoat layer 38 is de-
posited to a minimum of 100 angstroms and a maximum
of 500 angstroms. It is deposited by sputtering using a
DC bias (more negative than - 50 volts and preferably
more negative than -200 volts) and pressure of about 2
millitorr argon. The increased negative bias is believed
to promote a compressive stress (as opposed to a tensile
stress), in the chromium overcoat layer which is believed
to promote improved resistance to tip rounding while
maintaining good shaving performance. Razor blade 10
preferably has a tip radius of about 200-400 angstroms,
measured by SEM after application of overcoat layer 38
and before adding outer layer 40.

[0022] The substrate profile of the razor blade of the
present invention provides an improvement in blade
sharpness. The blade sharpness may be quantified by
measuring cutter force, which correlates with sharpness.
Cutter force is measured by the wool felt cutter test, which
measures the cutter forces of the blade by measuring
the force required by each blade to cut through wool felt.
The cutter force of each blade is determined by measur-
ing the force required by each blade to cut through wool
felt. Each blade is run through the wool felt cutter 5 times
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and the force of each cutis measured on arecorder. The
lowest of 5 cuts is defined as the cutter force.

[0023] The finished blade 10 has cutter force of less
than about 1.10 Ibs, preferably less than about 1.05 Ibs.
This is considered herein to be a relatively sharp blade.
[0024] The dimensions and values disclosed herein
are not to be understood as being strictly limited to the
exact numerical values recited. Instead, unless other-
wise specified, each such dimension is intended to mean
both the recited value and a functionally equivalentrange
surrounding that value. For example, a dimension dis-
closed as "40 mm" is intended to mean "about 40 mm."
[0025] All documents cited in the Detailed Description
of the Invention are, in relevant part, incorporated herein
by reference; the citation of any document is not to be
construed as an admission that it is prior art with respect
to the present invention. To the extent that any meaning
or definition of a term in this document conflicts with any
meaning or definition of the same term in a document
incorporated by reference, the meaning or definition as-
signed to that term in this document shall govern.
[0026] While particular embodiments of the presentin-
vention have been illustrated and described, it would be
obvious to those skilled in the art that various other
changes and modifications can be made without depart-
ing from the scope of the appended claims.

Claims

1. A razor blade comprising:
a substrate (11) with a cutting edge being defined
by a sharpened tip (12), characterized by said sub-
strate having a thickness (21) of between 1.3 and
1.6 micrometers measured at a distance (20) of four
micrometers from the blade tip, a thickness (23) of
between 2.2 and 2.7 micrometers measured at a dis-
tance (22) of eight micrometers from the blade tip, a
thickness (25) of between 3.8 and 4.9 micrometers
measured at a distance (24) of sixteen micrometers
from the blade tip, a ratio of thickness (21) measured
at four micrometers to the thickness (23) measured
at eight micrometers of at least 0.55 and a ratio of
thickness (23) measured at four micrometers to the
thickness (25) measured at sixteen micrometers of
at least 0.30, wherein the substrate is a martensitic
stainless steel having a carbide density of at least
200 carbides or more per 100 square micrometers
as determined by optical microscopic cross-section.

2. The razor blade of claim 1, wherein the substrate
has a tip radius of from 125 to 300 angstroms.

3. The razor blade of claim 1 further comprising an in-
terlayer joined to said substrate.

4. The razor blade of claim 2 wherein said interlayer
comprises niobium.
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5. Therazor blade of claim 2, further comprising a coat-
ing layer joined to said interlayer.

6. Therazorblade of claim 4 wherein said coating layer
comprises an amorphous material containing car-
bon.

7. Therazorblade of claim 4 further comprising an over-
coat layer joined to said coating layer.

8. The razor blade of claim 6 wherein said overcoat
layer comprises chromium.

9. Therazorblade of claim 6 further comprising an outer
layer joined to said overcoat layer.

10. The razor blade of claim 8 wherein said outer layer
comprises a polymer.

11. The razor blade of claim 8 wherein said outer layer
comprises polytetrafluoroethylene.

Patentanspriiche

1. Rasierklinge, umfassend:

ein Substrat (11) mit einer Schneidkante, die von
einem gescharften oberen Rand (12) definiert wird,
dadurch gekennzeichnet, dass das Substrat, ge-
messen in einem Abstand (20) von vier Mikrometern
vom oberen Rand der Klinge, eine Dicke (21) von
zwischen 1,3 und 1,6 Mikrometern aufweist, gemes-
sen in einem Abstand (22) von acht Mikrometern
vom oberen Rand der Klinge eine Dicke (23) von
zwischen 2,2 und 2,7 Mikrometer aufweist, gemes-
sen in einem Abstand (24) von sechzehn Mikrome-
tern vom oberen Rand der Klinge eine Dicke (25)
von zwischen 3,8 und 4,9 Mikrometern aufweist, ein
Verhaltnis der bei vier Mikrometern gemessenen Di-
cke (21) zu der bei acht Mikrometern gemessenen
Dicke (23) von mindestens 0,55 aufweist, und ein
Verhaltnis der bei vier Mikrometern gemessenen Di-
cke (23) zu der bei sechzehn Mikrometern gemes-
senen Dicke (25) von mindestens 0,30 aufweist, wo-
bei das Substrat ein martensitischer rostfreier Stahl
ist, der eine Karbiddichte von mindestens 200 Kar-
biden oder mehr pro 100 Quadratmikrometer auf-
weist, wie durch einen lichtmikroskopischen Quer-
schnitt bestimmt.

2. Rasierklinge nach Anspruch 1, wobei das Substrat

am oberen Rand einen Radius von 125 bis 300 Ang-
stréom aufweist.

3. Rasierklinge nach Anspruch 1, ferner eine Zwi-

schenschicht umfassend, die mit dem Substrat ver-
bunden ist.
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Rasierklinge nach Anspruch 2, wobei die Zwischen-
schicht Niob umfasst.

Rasierklinge nach Anspruch 2, ferner eine Uber-
zugsschichtumfassend, die mitder Zwischenschicht
verbunden ist.

Rasierklinge nach Anspruch 4, wobei die Uberzugs-
schicht ein amorphes Material umfasst, das Kohlen-
stoff enthalt.

Rasierklinge nach Anspruch 4, ferner eine Deck-
schicht umfassend, die mit der Uberzugsschicht ver-
bunden ist.

Rasierklinge nach Anspruch 6, wobei die Deck-
schicht Chrom umfasst.

Rasierklinge nach Anspruch 6, ferner eine dul3ere
Schicht umfassend, die mit der Deckschicht verbun-
den ist.

Rasierklinge nach Anspruch 8, wobei die dulRere
Schicht ein Polymer umfasst.

Rasierklinge nach Anspruch 8, wobei die dulRere
Schicht Polytetrafluorethylen umfasst.

Revendications

Lame de rasoir comprenant :

un substrat (11) avec un bord de coupe défini par
une extrémité aiguisée (12), caractérisée par ledit
substrat ayant une épaisseur (21) comprise entre
1,3 et 1,6 micrométre mesurée a une distance (20)
de quatre micrométres de I'extrémité de la lame, une
épaisseur (23) comprise entre 2,2 et

2,7 micromeétres mesurée a une distance (22) de huit
micrometres de I'extrémité de lalame, une épaisseur
(25) comprise entre 3,8 et 4,9 micrométres mesurée
a une distance (24) de seize micrometres de I'extré-
mité de la lame, un rapport de I'épaisseur (21) me-
surée a quatre micrométres a I'épaisseur (23) me-
surée a huit micrométres d’au moins 0,55 et un rap-
port de I'épaisseur (23) mesurée a quatre microme-
tres a I'épaisseur (25) mesurée a seize micrometres
d’au moins 0,30, dans laquelle le substrat est un
acier inoxydable martensitique ayant une densité de
carbure d’au moins 200 carbures ou plus pour 100
micrometres carrés telle que déterminée par coupe
transversale microscopique optique.

Lame de rasoir selon la revendication 1, dans laquel-
le le substrat a un rayon de bout allant de 125 a 300

angstroéms.

Lame de rasoir selon larevendication 1, comprenant
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10.

1.

en outre une couche intermédiaire jointe audit subs-
trat.

Lame de rasoir selon la revendication 2, dans laquel-
le ladite couche intermédiaire comprend du niobium.

Lame de rasoir selon larevendication 2, comprenant
en outre une couche de revétement jointe a ladite
couche intermédiaire.

Lame de rasoir selon la revendication 4, dans laquel-
le ladite couche de revétement comprend un maté-
riau amorphe contenant du carbone.

Lame de rasoir selon larevendication 4, comprenant
en outre une couche de recouvrement jointe a ladite
couche de revétement.

Lame de rasoir selon la revendication 6, dans laquel-
le ladite couche de recouvrement comprend du chro-
me.

Lame de rasoir selon larevendication 6, comprenant
en outre une couche externe jointe a ladite couche
de recouvrement.

Lame de rasoir selon la revendication 8, dans laquel-
le ladite couche externe comprend un polymeére.

Lame de rasoir selon la revendication 8, dans laquel-
le ladite couche externe comprend du polytétrafluo-
roéthyléne.
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